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MULTIPLE IMAGING ARRANGEMENTS FOR HEAD MOUNTED DISPLAYS 

PRIORITY 

[0001] The present application claims priority to Hungarian Patent Application, 
Serial No. P 02 03993, Filed, November 19, 2002, entitled "OPTICAL SYSTEM FOR A 
BINOCULAR VIDEO SPECTACLE," the disclosure of which is hereby incorporated herein by 
reference. 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0002] The present application is related to concurrently filed, co-pending, and 
commonly assigned U.S. Patent Application No. XX/XXX,XXX, Attorney Docket No. 54729- 
P004US- 10304870, entitled "OPTICAL ARRANGEMENTS FOR HEAD MOUNTED 
DISPLAYS," the disclosure of which is hereby incorporated herein by reference. 

TECHNICAL FIELD 

[0003] The invention relates generally to visual displays and more specifically to 
optical arrangements for head-mounted systems that generate multiple images form a single 
display screen. 

BACKGROUND OF THE INVENTION 

[0004] Head-Mounted Displays (HMDs) are a class of image display devices that 
can be used to display images from television, digital versatile discs, computer applications, 
game consoles, or other similar applications. A HMD can be monocular (a single image viewed 
by one eye), biocular (a single image viewed by both eyes), or binocular (a different image 
viewed by each eye). Further, the image projected to the eye(s) may be viewed by the user as 
complete, or as superimposed on the user's view of the outside world. For most HMDs, designs 
must account for parameters such as image resolution, the distance of the virtual image from the 
eye, the size of the virtual image (or the angle of the virtual image), the distortions of the virtual 
image, the distance between the left and the right pupil of the user (inter pupillar distance (1PD)), 
diopter correction, loss of light from image splitting and transmission, power consumption, 
weight, and price. Ideally, a single HMD would account for these parameters over a variety of 
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users and be able to display an image regardless of whether it was a stereoscopic binocular image 
or a simple monoscopic binocular image. 

[0005] If the resolution of a picture on the HMD's internal display is 800 x 600 
pixels, an acceptable size for the virtual image produced by the HMD's optics is a virtual image 
diameter of approximately 1.5m (52"-56") at 2m distance which corresponds to approximately a 
36° angle of view. To properly conform to the human head and eyes, the IPD should be variable 
between 45mm and 75mm. In order to compensate for near- and farsightedness, at least a ±3 
diopter correction is necessary. 

[0006] The use of only one microdisplay in the HMD (instead of using one for each 
eye) drastically reduces the price of the device. Typically, an arrangement for such a unit 
positions a microdisplay between the user's eyes. The image produced is then split, enlarged, 
and separately transmitted to each eye. There are numerous designs known in the art for beam 
splitting in single display HMDs with a center mounted display, but none provide a solution that 
is cheap, light weight, small in size, and capable of displaying all varieties of images. 

[0007] Many applications for head mounted systems require that different 
information be transmitted to a right-eye of a user than is transmitted to a left-eye of a user. For 
example, to impart to a user a three-dimensional image requires that each eye of the user view a 
different prospective of the same image. In other applications, such as a system for projecting 
data on a user's view (sometimes referred to as a "heads-up display"), completely unrelated data 
may need to be transmitted to each eye. 

BRIEF SUMMARY OF THE INVENTION 

[0008] Embodiments of the present invention can generate independent multiple 
images of a single display screen that are focused by a lens and then directed along separate 
optical sub-paths by a splitter located near the focal point of the generated images. In one 
embodiment, a single display screen is illuminated from different directions producing multiple 
images of the screen that are then focused by the lens. The images are then split, in the reduced 
splitting volume created by the lens, into a plurality of sub-images that are transmitted to 
separate eyes of a user. These embodiments may utilize a symmetrical V-mirror splitter 
composed of two partially or fully reflective surfaces arranged around the focal point of the lens. 
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The images are then reflected by the partially or fully reflective surfaces along separate optical 
sub-paths leading to the individual eyes of the users. 

[0009] Other embodiments can generate multiple independent images of a display 
screen by illuminating the screen with sources of differing polarization. The images produced 
can then be split by an asymmetric V-mirror composed of a polarizing beam splitter surface and 
a fully reflective surface arranged near the focal point of the lens. The light from each source is 
reflected along a different optical sub-path. 

[0010] Embodiments may also generate multiple images of a single display screen 
by illuminating a screen with a light source, polarizing the light reflected from the display, and 
then alternating the polarization in one of several directions. By alternating the direction of 
polarization, sub-images can be redirected along different optical sub-paths by an asymmetric V- 
mirror. 

[0011] Some embodiments may also utilize diffusers on which images of the 
display screen are projected. Transition optics having a small numerical aperture may be used to 
project the real images onto the diffuser and eyepiece optics having a large numerical aperture 
can be used to transmit the images to the eyes of the user. 

[0012] To generate different images for each eye of a user using one screen, 
embodiments of the present invention can interlace a plurality of data streams for display on the 
single display screen and link each data stream with one of the illumination sources. The 
interlaced data streams can then be displayed on the display screen while the display screen is 
illuminated with the linked sources. To generate separate images, the screen is illuminated by a 
particular source only when the display screen is displaying that source's linked data stream. 
Embodiments that generate multiple images using light polarization, may link each data stream 
with a polarization direction. When the display screen displays a data stream, the polarization 
direction linked to that data stream is used to send the screen image of that data stream along the 
appropriate sub-path. 

[0013] The plurality of illumination sources used by various embodiments of the 
present invention may be broad-band light sources placed near the focal point of the display lens 
and illuminating the display screen by shining light through the V-mirror splitter. Other 
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embodiments may use a plurality of narrow-band light sources arranged to simulate a broad-band 
light source. Further, embodiments may arrange the illumination sources adjacent to the optical 
axis of the system, and reflect the light from the sources using a partially-reflective surface 
interposed between the splitter and the display lens. 

[0014] The foregoing has outlined rather broadly the features and technical 
advantages of the present invention in order that the detailed description of the invention that 
follows may be better understood. Additional features and advantages of the invention will be 
described hereinafter which form the subject of the claims of the invention. It should be 
appreciated that the conception and specific embodiment disclosed may be readily utilized as a 
basis for modifying or designing other structures for carrying out the same purposes of the 
present invention. It should also be realized that such equivalent constructions do not depart 
from the invention as set forth in the appended claims. The novel features which are believed to 
be characteristic of the invention, both as to its organization and method of operation, together 
with further objects and advantages will be better understood from the following description 
when considered in connection with the accompanying figures. It is to be expressly understood, 
however, that each of the figures is provided for the purpose of illustration and description only 
and is not intended as a definition of the limits of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] For a more complete understanding of the present invention, reference is 
now made to the following descriptions taken in conjunction with the accompanying drawing, in 
which: 

[0016] FIGURE 1 illustrates a top view of head mounted device 100 arranged 
according to an embodiment of the present invention; 

[0017] FIGURE 2 is a flow diagram arranged according to an embodiment of the 
present invention; 

[0018] FIGURE 3 graphically illustrates an interlacing of data streams and a 
linking of light sources according to an embodiment of the present invention; 
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[0019] FIGURE 4 is a prospective view of a head mounted device arranged 
according to an embodiment of the present invention; 

[0020] FIGURES 5 and 5 A are top down views of a head mounted device arrange 
according to an embodiment of the present invention; 

[0021] FIGURE 6 illustrates a top down view of a portion of a head mounted 
display arranged according to an embodiment of the present invention; and 

[0022] FIGURE 7 illustrates a top down view of a portion of a head mounted 
display arranged according to an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0023] FIGURE 1 illustrates a top view of head mounted device 100 arranged 
according to an embodiment of the present invention. Sub-image creation section 101, within 
device 100, creates a plurality of sub-images from a single image source. Display screen 110 can 
be any suitable apparatus operable to display a visual image of data using external illumination 
sources, such as a liquid crystal display (LCD) screen. Screen 1 10 is situated along a display 
J axis 111, which, in the embodiment shown, is normal to the surface of screen 110 and 

perpendicular to facial plane 170 of a user. Display lens 1 15 is located along, and perpendicular 
to, optical path 112, and has display lens focal point 124. Display lens focal point 124 lies on 
optical path 112, and section 101 is arranged such that display lens focal point 124 lies within 
splitter 120. In embodiments using the arrangement of section 101, splitter 120 is a symmetric 
V-mirror composed of right partially-reflective surface 121 and left partially-reflective surface 
122. Section 101 is arranged so that reflective surface 121 and reflective surface 122 share a 
common edge and are arranged symmetrically about display axis 111. Section 101 can thus 
generate two fully complete and independent images (referred to herein as sub-images) of 
display 110, each traveling along independent optical paths (referred to herein as sub-paths). 

[0024] Included in section 101 are a right light source 125 and a left light source 
126 lying in a line with display lens focal point 124 and arranged symmetrically about display 
axis 111. Light from sources 125 and 126 pass through surfaces 121 and 122, are collimated by 
display lens 115, and illuminate screen 110. In the embodiment of FIGURE 1, the collimated 
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light beams generated will be slightly skewed with respect to optical axis 111. The illumination 
of screen 1 10 by right light source 125 creates a display left-eye sub-image that is focused by 
lens 1 15 to impact reflective surface 122, which redirects the left-eye display sub-image down 
optical sub-path 140. Similarly, the illumination of screen 1 10 by left light source 126 creates a 
right-eye display sub-image that is focused by lens 1 15 to impact reflective surface 121, which 
redirects the right-eye display sub-image down optical sub-path 130. 

[0025] The left-eye sub-image will follow optical sub-path 140 and be channeled to 
left-eye 146 of a user. Placed along optical sub-path 140 is left-eye reflector 142, which is a 
fully reflective surface arranged to redirect left-eye optical sub-path 140 by 90° and into left 
eyepiece optics 145. The right-eye sub-image will follow optical sub-path 130 and be channeled 
to right-eye 136 of a user. Placed along optical sub-path 130 is right-eye reflector 132, which is 
a fully reflective surface arranged to redirect right-eye optical sub-path 130 by 90° and into right 
eyepiece optics 135. Right eyepiece optics 135 and left eyepiece optics 145 can be composed of 
single or multiple lenses designed to appropriately magnify a right-eye sub-image for viewing by 
right-eye 136 of the user and a left-eye sub-image for viewing by left-eye 146 of the user, 
respectively. Some embodiments may utilize diffusers on which real images are created. Right 
and left eyepiece optics 135, 145 may then be used to magnify the images for viewing by the 
user. For a large viewing angle (e.g. 36°), the real images should be created after reflectors 132, 
142 and very near right and left eyepiece optics 135, 145. 

[0026] Eyepiece optics 135 and 145 are adjustable single lenses, but other 
embodiments may use any arrangement that appropriately magnifies a right-eye sub-image and a 
left-eye sub-image for viewing by right-eye 136 and left-eye 146, respectively. Further, although 
reflectors 132, 142 of device 100 are depicted as mirrors, and surfaces 121, 122 are depicted as 
partially-reflective surfaces, embodiments are not limited to the use of mirrors or partially- 
reflective surfaces for redirecting an optical path or sub-path. Rather, prisms, polarizing beam 
splitters, or any other suitable arrangements can be used for redirecting an optical path or sub- 
path. 

[0027] Device 100 is also capable of adjusting for the varying IPDs of different 
users through the synchronized movements of optical elements. Right eyepiece optics 135 and 
left eyepiece optics 145 can shift through movements 152 and 151 respectively to create IPD 
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150a and IPD 150b. Section 101 can shift through movement 155. When IPD distance 150a is 
changed to IPD 150b, section 101 is simultaneously shifted toward plane 170 in movement 155 
(downwards in the view of FIGURE 1). When IPD 150b is changed to 150a, section 101 is 
simultaneously shifted away from plane 170 (upwards in the view of FIGURE 1). These 
synchronized movements allow device 100 to adjust to accommodate for the entire range 
between EPD 150a and 150b while maintaining constant lengths between reflectors 121, 122 and 
eyepiece lenses 135, 145 along sub-paths 130 and 140, respectively. Device 100 is also capable 
of diopter correction through additional adjustments of movement 153 of left eyepiece optics 145 
and movement 154 of right eyepiece optics 135. 

[0028] Two off axis aperture stops 189, 199 may be placed between display lens 
115 and splitter 120. The aperture stop, imaged in proximity to the viewer's pupil, is sized 
appropriately for the width necessary to cover the user's pupil movement when viewing the 
corners of the virtual screen.. To accommodate a wide range of a viewer's pupil movement, the 
size of the aperture should be 2-3 times larger than is necessary for transferring the spatial 
frequency range required by the resolution of display screen 110. For homogenous illumination 
of aperture stops 189, 199, left and right light sources 125, 126 should be of extended (non point 
source) size. 

[0029] Screen 110 of FIGURE 1 can transmit identical images of display screen 
1 10 to both the right-eye and the left-eye of a user simultaneously. Identical sub-images of 
display screen 1 10 will travel along optical sub-paths 130 and 140 when both light sources 125 
and 126 are used to simultaneously illuminate screen 110. If however, light sources 125 and 126 
alternately illuminate screen 110, one set of images can be sent to the left-eye of user, while a 
different set of images can be sent to the right-eye of the user using the same screen. 

[0030] FIGURE 2 is a flow diagram arranged according to an embodiment of the 
present invention. Following diagram 200, a head mounted device, such as device 100, can be 
used to transmit different images to the left-eye of a user than are transmitted to the right-eye, 
while using a single screen. Typically, the screens of head mounted devices, such as screen 110 
of FIGURE 1, display data conveyed as data streams. In FIGURE 2, diagram block 201 prepares 
multiple data streams for display on a screen. For example, one data stream may be prepared for 
viewing by a user's left-eye and a second data stream can be prepared for viewing by a user's 
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right-eye. In block 202, each data stream is linked with one of a plurality illuminating sources 
that exist for an appropriately arranged head mounted display. For example, using device 100 of 
FIGURE 1, a data stream prepared for viewing by the right-eye of a user could be linked with 
left light source 126, and a data stream prepared for viewing by a left-eye of a user could be 
linked with right light source 125. Returning to FIGURE 2, block 203 interlaces the multiple 
data streams so that they can be displayed on a single screen. In block 204, the interlaced 
streams are displayed on a screen, while the screen is alternately illuminated by the light sources 
linked with the data streams being displayed. For example using device 100, when the data 
stream to be viewed by right-eye 136 is being displayed by screen 1 10, screen 110 would be 
illuminated by left light source 126. When the data stream to be viewed by the left-eye of the 
user is being displayed by screen 1 10, screen 110 would be illuminated by right light source 125. 

[0031] FIGURE 3 graphically illustrates an interlacing of data streams and a 
linking of light sources according to an embodiment of the present invention. Graph set 310 
comprises a graphical representation of data stream 311 and data stream 312. When used in a 
manner such as the one described above, an embodiment can interlace data stream 311 and data 
stream 312 by alternately sending to a display, discrete time segments of each data stream. For 
example, during time segment 341, a portion of data stream 31 1 is sent to the screen for display. 
During time segment 342, a portion of data stream 312 is sent to the screen for display. Graph 
320 shows the timing of a light source linked with data stream 311. When an embodiment is 
sending a segment of data stream 31 1 to a display, such as time segment 341, the screen of a 
head mounted display would be illuminated by the light source linked to this data stream, shown 
in graph 320 as source 321. Graph 330 shows the timing of light source linked with data stream 
312. When an embodiment is sending a segment of data stream 312 to a display, such as time 
segment 342, the screen of a head mounted display would be illuminated by the light source 
linked to this data stream, shown in graph 330 as source 331. 

[00321 The embodiments of the present invention are not limited to stereoscopic 
technique as depicted in FIGURES 2 and 3. Any pattern of interlacing a plurality of signals may 
be used. In practice, the specific pattern, the number of data streams, and the number of light 
sources will be dependent on the application. For example, many LCDs use color sequential 
illumination, namely red, green, and blue light pulses are sent in sequential LCD images. To 
accommodate this, embodiments may employ light sources 125 and 126 that utilize separately 

25323439.1 

8 



Docket No.: 54729/P005US/1 0304870 



controllable red, green, and blue sources. Further arrangements of other embodiments for 
generating multiple images of display screen 110, such as illuminating display screen 110 with 
light of alternating polarization directions, may require adjustment to the above described 
procedures. 

[0033] The embodiments of the present invention are not limited to head mounted 
device arrangements such those depicted in FIGURE 1. FIGURE 4 is a prospective view of a 
head mounted device arranged according to an embodiment of the present invention. Head 
mounted device 400 includes section 101, as described in relation to FIGURE 1, which operates 
to split a display image of display 110 into a left-eye sub-image traveling along left-eye optical 
sub-path 140 and a right-eye sub-image traveling along right-eye optical sub-path 130. For 
device 400, left-eye transition optics 443 are placed along left-eye optical sub-path 140 to adjust 
a left-eye sub-image before it strikes left-eye reflector 142. Left-eye reflector 142 reflects a left- 
eye sub-image toward left eyepiece 460. Left eyepiece 460 is composed of compound optics. A 
left-eye sub-image strikes the left-eye diffuser 444 and creates a real image on the surface. The 
left eyepiece compound optics will create a magnified virtual image from this real image 
appropriately for left-eye 146. 

[0034] Similarly, a right-eye sub-image follows the right-eye optical sub-path 130 
into right-eye transition optics 433. The right-eye transition optics 433 adjusts the right-eye 
display sub-image appropriately for reflection by right-eye reflector 132 into right eyepiece 461. 
Right eyepiece 461 is composed of compound optics. A right-eye sub-image strikes right-eye 
diffuser 434 and creates a real image. A magnified virtual image is created from the real image 
by compound optics for right-eye 136. Device 200 is capable of diopter correction through 
movement 253 of the compound optics 460 and of movement 254 of the compound optics 461 . 

[0035] Two off axis aperture stops 470, 472 may be placed between display lens 
115 and splitter 420 to determine the spatial frequency content of transition optics 433, 443. 
Consequently the size of the aperture stop in the embodiment of FIGURE 4 is determined by the 
display resolution, and thus smaller apertures, than those of FIGURE 1, may be used in the 
embodiment of FIGURE 4. 

[0036] Device 400 is also capable of IPD adjustment through the synchronized 
movements of separate optical blocks. IPD 150 can be shortened by shifting left eyepiece 460 to 
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the right with movement 251, and eyepiece 461 to the left with movement 252. For the 
embodiment of FIGURE 4, the length of optical sub-path 140 between transition optics 443 and 
diffuser 444, and the length between diffuser 444 and eyepiece 460 should be kept constant. 
Thus, as eyepiece 460 moves to the right in movement 251, diffuser 444 and left-eye reflector 
142 will stay in a fixed position as central block 401, including lens 443, is moved 
perpendicularly away from the facial plane. Likewise, the length of optical sub-path 130 
between transition optics 433 and diffuser 434, and the length between diffuser 434 and eyepiece 
461 should be kept constant. Thus, as eyepiece 461 moves to the left in movement 252, diffuser 
434 and right-eye reflector 132 will stay in a fixed position as central block 401, including lens 
443 is moved in movement 451 perpendicularly away form the facial plane. 

[0037] Embodiments of the present invention may include aperture stop 470. 
Aperture stop 470 allows light to pass through openings 471 and 472. Openings 471, 472 may 
be alternatively arranged as shutters which could then be used to block propagation of light 
reflected form display screen 110. Using such shutters, device 400 can control whether an image 
is sent to either eye of a user in a manner that is easily adaptable to the stereoscopic technique of 
FIGURES 2 and 3. By alternating shuttering openings 471, 472, and by linking this shuttering to 
the display of specific data streams, an embodiment could transmit to each eye only selected data 
streams. 

[0038] In the embodiment of FIGURE 4, transition optics 433, 443 are used to 
transfer the display image to diffusers 434, 444 with a magnification of approximately 1 . The 
numerical aperture of the incident real images is then increased by diffusers 434, 444. Eyepieces 
460, 461 then project real images created on diffusers 434, 444 into eyes 136, 146 as magnified 
virtual images. 

[0039] The embodiments of the present invention are not limited to arrangements 
utilizing splitter section 101. FIGURES 5 and 5 A are top down views of a head mounted device 
arranged according to an embodiment of the present invention. Device 500 includes sub-image 
creation section 501. Like section 101, section 501 generates a left-eye display sub-image that 
follows optical sub-path 140 and a right-eye display sub-image following optical sub-path 130. 
Screen 110 of section 501 is advantageously illuminated by collimated light from light source 
570 and light source 580 arranged to project light about source light path 576 and source light 
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path 586, respectively. Light source 570 is comprised of blue source light 571 arranged along 
the source light path 576, preferably in a position at or near reflective focal point 524 of display 
optics 115. Blue source light 571 may be any light source capable of producing blue light, such 
as Nichia NSCxlOO series light emitting diode (LED). Light from blue source 571 passes 
through a first color filter 574 arranged at an appropriate angle to source light path 576 and 
selected to pass blue light and to reflect green light. Green source 572 is placed adjacent to 
source light path 576 and arranged to reflect light off of color filter 574 in a way that simulates 
placing green source 572 in the same location as blue source 571. Blue light and the reflected 
green light follow source light path 576 passing through second color filter 575 arranged at an 
appropriate angle to source light path 576. Second color filter 575 is selected such that it passes 
blue and green light, but reflects red light. Red source 573 is placed adjacent to source light 
optical path 576 and arranged to reflect light off of second color filter 575 in a way that simulates 
placing red source 573 in the same location as blue source 571. Blue light, reflected green light, 
and reflected red light then follow source light optical path 576 and are reflected by source light 
reflector 590. In the depicted embodiment, source light reflector 590 can be a polarizing 
reflector arranged about display axis 111 and along optical path 112. The combined blue, green, 
and red light is polarized and reflected off of source light reflector 590, through display optics 
115. In the depicted embodiment, display optics 1 15 is a lens selected to have a focal point of 
124 (and a reflected focal point 524). When passed through display optics 115, the combined 
blue, green, and red light illuminates display 110 with a collimated beam that is slightly skewed 
relative to axis 111. 

[0040] Light source 580 is comprised of blue source light 581 arranged along the 
source light path 586, preferably in a position at or near reflective focal point 524 of display 
optics 115. Blue source light 581 may be any light source capable of producing blue light, such 
as Nochia NSCxlOO series light emitting diode (LED). Light from blue source 581 passes 
through a first color filter 584 arranged at an appropriate angle to source light path 586 and 
selected to pass blue light and to reflect green light. Green source 582 is placed adjacent to 
source light path 586 and arranged to reflect light off of color filter 584 in a way that simulates 
placing green source 582 in the same location as blue source 581. Blue light and the reflected 
green light follow source light path 586 passing through second color filter 585 arranged at an 
appropriate angle to source light optical path 586. Second color filter 585 is selected to pass blue 
and green light, but reflect red light. Red source 583 is placed adjacent to source light path 586 
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and arranged to reflect light off of second color filter 585 in a way that simulates placing red 
source 583 in the same location as blue source 581. Blue light, reflected green light, and 
reflected red light then follow source light path 586 and are reflected by source light reflector 
590. In the depicted embodiment, source light reflector 590 can be a polarizing reflector 
arranged about display axis 111 and along optical path 112. The combined blue, green, and red 
light is polarized and reflected off of source light reflector 590, through display optics 115. In 
the depicted embodiment, display optics 1 15 is a lens selected to have a focal point of 124 (and a 
reflected focal point 524). When passed through display optics 115, the combined blue, green, 
and red light illuminates display 110 with a collimated beam that is slightly skewed relative to 
axis 111. 

[0041] Section 501 of device 500 further comprises a prism splitter 520 oriented 
about display lens focal point 124. Section 501 depicts prism splitter 520 arranged with focal 
point 124 at its center, but the embodiments are not restricted to this arrangement. If light 
sources 580 and light sources 570 are arranged closer to optical path 1 12 than is reflected focal 
point 524, splitter 520 should be arranged farther away from display 110 than is focal point 124. 
Conversely, if light sources 580 and 570 are arranged farther from optical path 1 12 than is 
reflected focal point 524, splitter 520 should be arranged closer to display 110 than is focal point 
124. Thus, the embodiments of the present invention are not limited to arrangements wherein 
splitter 520 of FIGURE 5 (or splitter 120 of FIGURE 1, or splitter 420 of FIGURES 4) is placed 
near the focal point of display lens 115, but may be arranged at any point coinciding with a 
reduced splitting volume created by a display image focused by an optic such as lens 115. Light 
from source 570, is reflected from screen 110, forms an image of screen 110 that is focused by 
display lens 115, and is reflected off of prism splitter face 521 and along optical sub-path 130 as 
a right-eye sub-image. Light from source 580, is reflected from screen 110, forms an image of 
screen 1 10, is focused by display lens 115, and is reflected off of prism splitter face 522 and 
along optical sub-path 140 as a left-eye sub-image. 

[0042] The left-eye sub-image will follow optical sub-path 140 and be channeled to 
left-eye 146 of a user. Placed along optical sub-path 140 is left-eye reflector 142, which is a 
fully reflective surface arranged to redirect left-eye optical sub-path 140 by 90° and into left 
eyepiece optics 145. The right-eye sub-image will follow optical sub-path 130 and be channeled 
to right-eye 136 of a user. Placed along optical sub-path 130 is right-eye reflector 132, which is 
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a folly reflective surface arranged to redirect right-eye optical sub-path 130 by 90° and into right 
eyepiece optics 135. Right eyepiece optics 135 and left eyepiece optics 145 can be of single or 
multiple lenses designed to appropriately magnify a right-eye sub-image for viewing by right-eye 
136 of the user and a left-eye sub-image for viewing by left-eye 146 of the user, respectively. 

[0043] Eyepiece optics 135 and 145 are adjustable lenses, but other embodiments 
may use any arrangement that appropriately magnify a right-eye sub-image and a left-eye sub- 
image for viewing by right-eye 136 and left-eye 146, respectively. Further, although reflectors 
142, 132 of device 500 are depicted as mirrors, embodiments are not limited to the use of mirrors 
for redirecting an optical sub-path. Rather, prisms, partially-reflective surfaces, polarizing beam 
splitters, or any other suitable arrangements can be used for redirecting an optical sub-path. 

[0044] Device 500 is also capable of correcting for the varying IPD of different 
users. Device 500 can adjust for LPD 1 50 of a particular user by movement of left eyepiece 
optics 145, and by movement of right eyepiece 135, and simultaneously moving the central part 
of the optics perpendicularly to the facial plane. Device 500 is also capable of diopter correction 
through movement of left eyepiece optics 135 and movement of right eyepiece optics 145. 

[0045] Embodiments of the present invention are not limited to the creation of 
multiple independent images of a display screen by the illumination of a display screen from 
multiple directions, but rather may use any method of generating multiple images from a single 
display. FIGURE 6 illustrates a top down view of a portion of a head-mounted display arranged 
according to another embodiment of the present invention. Device 600 includes source 608, 
placed at reflective focal point 124R, the light of which is reflected and polarized by 
polarization beam splitter 690. The light from source 608 is collimated by lens 115, reflected by 
display 110, and propagated along optical path 112. Arranged along optical path 1 10 is a 
polarization adjustment unit such as polarization rotator 609 which is able to rotate the 
polarization of the light from source 608. Polarization rotator is able to switch the direction f 
linear light polarization of the exit light between two or among multiple directions. The 
embodiments of the present invention are not limited to polarization rotators nor to the use of 
linear polarized light. Rather, the embodiment of the present invention may use linearly, 
circularly, elliptically, or any other form of polarized light, and may use any appropriate 
polarization adjustment unit that allows an embodiment to differentiate between sub-images. 
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Splitter 620 is an asymmetric V-mirror splitter arranged about focal point 124 of lens 115. 
Surface 621 of splitter 620 is polarization beam splitter and surface 622 is a fully reflective 
surface. 

[0046] To transmit an image to the left eye of a user, device 600 selects the state of 
polarization rotator 609 that causes the light of source 608 to be reflected along optical sub-path 
130 by surface 621. To transmit an image to the right eye of a user, device 600 selects the state 
of polarization rotator 609 that would cause the light of source 608 to be passed by surface 621 
and thus reflected by surface 622 along optical sub-path 140. The embodiment of FIGURE 6 is 
also easily adapted to the stereoscopic technique of FIGURES 2 and 3. The data streams 
displayed by display screen 110 could be interlaced in a manner similar to that described above 
and linked with the state of polarization rotator 609. 

[0047] Embodiments that create multiple images of a display screen utilizing 
polarization, are not limited to the arrangement of FIGURE 6. FIGURE 7 illustrates a top down 
view of a portion of a head mounted display arranged according to another embodiment of the 
present invention. Device 700 includes sources 708 and 709 arranged to illuminate display 
screen 110 with two co-incident beams of orthogonal polarizations. Source 708 propagates 
through a polarization beam splitter. Source 709 is reflected by a polarization beam splitter. 
Thus, display screen 1 10 is illuminated by collimated light from source 708 polarized in one 
direction, and illuminated by collimated light from source 709 polarized in a second direction. 
Surface 790 is a partially reflective surface that has no affect on the polarization of the light from 
source 708, 709. 

[0048] Once reflected from display screen 110, light from sources 708, 709 is 
focused by lens 1 15 to point 124. Splitter 620 is an asymmetric V-mirror splitter, in which 621 
is a polarization beam splitter and 622 is a full mirror, and surface 621 will reflect the light of 
source 709 along optical sub-path 130 while passing the light of source 708 to be reflected from 
surface 622. The embodiment of FIGURE 7 is easily adapted to the stereoscopic technique of 
FIGURES 2 and 3. The data streams displayed by display screen 110 could be interlaced in a 
manner similar to that described above and then linked with source 708 or source 709. By 
alternately illuminating sources 708, 709 in time with display of interlaced data streams, 
different data may be transmitted to each eye of a user. 
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[0049] Although the above embodiments are described using non-skew 
illumination, some display types (for example, a digital light processing (DLP) or other micro 
mirror display) require skewed light beam illumination. To accommodate such display screens, 
the embodiments of the present invention can be easily adapted to off axis positions. For 
example, 708, 709 can be arranged in off axis positions to illuminate two co-incident skewed 
beams of orthogonal polarization. 

[0050] Although the present invention and its advantages have been described in 
detail, it should be understood that various changes, substitutions and alterations can be made 
herein without departing from the invention as defined by the appended claims. Moreover, the 
scope of the present application is not intended to be limited to the particular embodiments of the 
process, machine, manufacture, composition of matter, means, methods and steps described in 
the specification. As one will readily appreciate from the disclosure, processes, machines, 
manufacture, compositions of matter, means, methods, or steps, presently existing or later to be 
developed that perform substantially the same function or achieve substantially the same result 
as the corresponding embodiments described herein may be utilized. Accordingly, the appended 
claims are intended to include within their scope such processes, machines, manufacture, 
compositions of matter, means, methods, or steps. 
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